Herlyn-Werner-Wunderlich (HWW) syndrome is a rare congenital disorder of the Müllerian ducts in which there is uterus didelphys, obstructed hemivagina and unilateral renal agenesis. The most common presentation is an abdominal mass secondary to hematocolpos, pain and dysmenorrhea. However, in some cases, such as the one we present here, menses are normal due to an obstructed hemivagina, and diagnosis can be delayed. We describe evaluation and surgical management of a 13-year-old girl with this condition who was diagnosed by computed tomography (CT) scan and confirmed by pelvic ultrasound and surgical exploration, as well as a review of the literature.
Introduction
Herlyn-Werner-Wunderlich (HWW) syndrome is a rare congenital disorder in which there is uterus didelphys, obstructed hemivagina and renal agenesis (lending its acronym, OHVIRA syndrome) [1] [2] [3] . It is most commonly diagnosed in puberty due to pelvic and abdominal pain, but more rarely it can present in neonates or adults, with primary infertility, pyometra, urinary obstruction and ischiorectal swelling 4, 5 . Due to its rarity, there is often a delay in diagnosis, both by primary care and emergency room physicians, which increases the risk of complications such as endometriosis and infertility [6] [7] [8] [9] . The condition is most commonly diagnosed by imaging with ultrasound or computed tomography (CT) scan, although more recently magnetic resonance imaging (MRI) has emerged as the most sensitive diagnostic method. Treatment is carried out through excision of the vaginal septum, with good results; ultimately, around 80% of the patients are able to conceive. Therefore, it is important that physicians, who see patients with renal abnormalities, as well as those with endometriosis, maintain a high degree of suspicion for the condition, to guarantee a timely diagnosis and avoid complications from the syndrome.
Case report
A 13-year-old girl presented to the emergency room (ER) with a 5-month history of episodic perineal and rectal pain and abdominal fullness unrelated to eating. She had previously been seen at other emergency departments two and three months after the initial symptoms, but no imaging workup nor gynecological examinations were performed at the time. She was being treated for a presumptive diagnosis of proctalgia and constipation with tramadol, omeprazole, glycerin suppositories and enemas, with little relief. She denied any past medical or surgical history; menarche had occurred at age 11, menses were every 30 days and lasted 5 days. No change in symptoms was noted to occur with menses. She was not sexually active and did not take contraceptive pills, hormonal therapy or other medications. Her development was normal otherwise. She was born at term of an uncomplicated pregnancy, and there was no family history of congenital disease.
On presentation, the patient was hemodynamically normal and afebrile, in no distress, with a large, palpable abdominal mass, which extended to the epigastric region, but with no peritoneal signs or hepatosplenomegaly. Laboratory exams were normal with a white blood cell count of 9.000 and a negative serum and urine beta HCG. CT scan of the abdomen and pelvis demonstrated a large 20x9x10 cm enlarged mass consistent with hydro/hematometrocolpos, an uterus didelphys, as well as absence of the left kidney (Figures 1 and 2) . The condition was explained to the family and patient, and the decision was made to perform a vaginal exam under anesthesia, eight hours after her presentation to the ER. The exam demonstrated an imperforate hymen and a very enlarged, bulging uterine cervix. On speculum exam, the right hemivagina was patent, while the left side ended blindly. We performed a hymenectomy and a longitudinal vaginal septotomy and 1.1 L of clotted blood was evacuated. There was no evidence of pyocolpos. The septum between the left and right hemivaginas was resected using electrocautery. A chromic gut suture was used to obtain hemostasis at the site of resection of the septum. Hysteroscopy was performed at the end. Visualization of the right cervical os was adequate, but the left cervical os could not be visualized secondary to edema of the left hemiuterus, which did not allow safe progression of the hysteroscope. The patient tolerated the procedure well, and was discharged home on the evening of surgery. On post-operative day 6, the patient returned to the Emergency Department (ED) with a 39.1°C fever, nausea, vomiting and a 6x6.1 cm left tubo-ovarian abscess, which was subsequently drained under ultrasound guidance. After seven days of intravenous ciprofloxacin and metronidazole, the patient was doing well and was discharged. At seven days and one-month follow-up, the patient had no complaints and had normal menstrual flow.
Discussion
Müllerian duct abnormalities cover a wide range of developmental anomalies, resulting from non-development, defective fusion, or defects in regression of the septum during fetal development. HWW syndrome is a rare disease in which there is the triad of uterus didelphys, obstructed hemivagina and renal agenesis (most often ipsilateral). It is classified as a type III Müllerian duct anomaly (MDA) associated with mesonephric duct anomalies and accounts for approximately 5% of MDAs 1-3,10 . A case report was published as early as 1922 describing a female patient with unilateral hematocolpos, hematometria and hematosalpinx. However, the triad was not fully described until 1971.
In 1976, Wunderlich added bicornuate uterus as a feature of the syndrome. MDA result from non-development, defective fusion, or failure of resorption of the Müllerian (paramesonephric) ducts 1 , which originate most of the female genital tract, including the fallopian tubes, uterus, upper two-thirds of the vagina and the cervix. The upper two-thirds of the vagina derive independently of the Müllerian ducts, while the lower third derives from the urogenital sinus, therefore, vaginal abnormalities may or may not be found alongside uterine abnormalities 6 . The estimated overall prevalence of MDA is 2-3% of women, although this number is higher in patients with The association of uterus didelphys with an obstructed hemivagina is explained by a defect in embryogenesis at the eighth week of gestation affecting the mesonephric and Müllerian ducts, in which there is non-fusion of Müllerian ducts or failed resorption of the uterine/vaginal septum 1 . Other defects which can be found include renal dysplasia, duplication of the kidneys and ureters 11, 12 , ectopic ureter, as well as high-riding aortic bifurcation, IVC duplication, intestinal malrotation 13 and ovarian malposition. Renal agenesis predicts an ipsilateral obstructive Müllerian duct abnormality 50% of the time and is ipsilateral to the dilated uterine cavity. The right side is affected nearly twice more frequently than the left one 3, 4 . In a case series of 70 patients, those with complete hemivaginal obstruction were significantly younger (12.86 years old) compared to those with incomplete obstruction (20.68 years); the most common symptom was dysmenorrhea in 64% of patients 4,13 . The most common presentation is an abdominal mass secondary to hematocolpos from retained menstrual flow, pain and dysmenorrhea; presentation as acute pelvic or vaginal pain or as an acute abdomen is uncommon 9, 14 . In incomplete obstruction, as in this patient, the diagnosis can be delayed as there is one hemivagina, which is patent, allowing for menstrual blood to exit, while the other side is obstructed; this eventually leads to a large hematocolpos 11 . The incidence varies between 0.1-3.8% in the literature 4,15 . HWW is commonly diagnosed at the time of menarche. Rarely, the clotted blood may become infected, termed pyocolpos 11 , which can lead to pelvic inflammatory disease and tubo-ovarian abscess. Patients start to experience abdominal and, less commonly, perineal discomfort, secondary to the enlarging hematocolpos, which may also lead to urinary retention and constipation in some cases, typically 12-18 months after menarche. In cases of infected hematocolpos, fever, chills, nausea and vomiting may be present.
Early recognition is important in order to avoid complications such as retrograde tubal reflux and consequent endometriosis, as well as to preserve fertility 4, 16 . 
References
Adenocarcinoma of the obstructed side of the uterine cervix and clear cell carcinoma of the obstructed portion of the vagina have also been described 17 . Delays in diagnosis are common due to a number of factors, especially in incomplete hemivaginal obstruction: as there is normal menstruation from the non-obstructed side, outflow obstruction is not suspected; the syndrome is also rare and thus it is not on the list of suspected diagnoses in most cases [16] [17] [18] . Another reason is that in patients presenting with cyclical dysmenorrhea, the patient's primary care provider often prescribes non-steroidal anti-inflammatory drugs and oral contraceptives, which suppresses or eliminates menses and further delays recognition of the condition.
In cases of HWW, the vaginal septum is generally longitudinal and can have a variable thickness. Although CT scan was initially performed in this patient, transvaginal ultrasound has traditionally been the preferred initial imaging modality due to low cost, avoidance of radiation exposure and better imaging of the uterus and adnexa. Some authors now consider MRI as the gold standard for diagnosis and preoperative planning for treatment of HWW 6, [19] [20] [21] , as it offers more detail with regard to uterine morphology, communication between vaginal and uterine lumens, and better evaluation of fluid contents 6, 22, 23 . The association between HWW and endometriosis 21, 23, 24 also favors MRI, as this is the superior imaging modality for endometriosis.
In adolescent girls, as a measure to post-pone surgery, GnRH analogues may be used to maintain amenorrhea 19 , especially in cases of cervical atresia. Resection of the vaginal septum is the treatment of choice for obstructed hemivagina and resultant hematocolpos [25] [26] [27] ; during surgery, preservation of the hymen is desirable in younger patients, although not always feasible. Vaginal septotomy is accomplished most commonly through a hysteroscopic approach [28] [29] [30] , although laparoscopic techniques have also been described. Laparoscopy adds the theoretical benefit of further delineating exact uterine anatomy prior to vaginal septotomy, although the effects on outcomes are yet to be evaluated. Patients who remain with stenosis of the vaginal septum after surgery can safely undergo re-resection of the septum with preserved ability to conceive and maintain pregnancy 4 . Either total or unilateral hysterectomy may be required in cases in which septal resection is not possible 28 and may also be considered in patients with recurrent stenosis and severe endometrial/uterine infection or in patients who do not wish further pregnancies 4 . Prognosis is good, with the major concern being preservation of fertility. Women with uterus didelphys have a high likelihood of becoming pregnant 4, 21, 23, 24 , with approximately 80% of patients able to conceive 31, 32 , but with elevated rates of premature delivery (22%) and abortion (74%); cesarean section is necessary in over 80% of patients 32, 33 . In summary, due to the rare and frequently asymptomatic nature of the HWW syndrome, gynecologists and other medical providers seeing patients diagnosed with renal agenesis should be aware of the possibility of associated uterine and vaginal abnormalities; conversely, in patients with uterine and vaginal abnormalities, workup for associated abnormalities, especially renal developmental defects, should be performed. Initial workup should include vaginal exam as well as transvaginal ultrasound or pelvic MRI. Referral to a gynecological or pediatric surgeon for vaginal septotomy should be prompt, in order to diminish the risk of endometriosis and infertility. Patients with the condition should be counseled about risks associated with the disease, including a higher likelihood of miscarriages 33 , although around 65% of patients will be able to carry pregnancy to term. Further research is needed to characterize risk factors for Müllerian duct defects in order to increase early detection and minimize morbidity from the condition 6, 8 .
